Retinal vein occlusion (RVO) is the second most common retinal vascular disease after diabetic retinopathy. Branch retinal vein occlusions (BRVOs) are approximately 12 times more common than central retinal vein occlusions (CRVOs), and the non-ischemic type of RVO is roughly 9 times more common than the ischemic type.

Macular edema (ME) occurring secondary to CRVO can be treated with intravitreal injections of triamcinolone acetonide (IVT) or bevacizumab (IVB). In this study, we aimed to compare the long-term changes in visual acuity, macular thickness on optical coherence tomography (OCT), and adverse events in patients who received IVT or IVB for ME secondary to non-ischemic CRVO.

Materials and Methods {#sec1-2}
=====================

This comparative, retrospective, non-randomized clinical study was carried out at SisliEtfal Training and Research Hospital\'s ophthalmology clinic between June 2008 and April 2011. The study protocol was in accordance with the Declaration of Helsinki and was approved by our Institutional Research Board.

The patients were recruited into the study if they had significant ME (\>320 μm) as measured by OCT (RTVue-100 Model, Optovue Inc., Fremont, CA, USA), loss of visual acuity, and macular vessel leakage on fluorescein angiography. The diagnosis of each patient was confirmed by fluorescein angiography and by OCT showing significant cystoid ME without marked retinal ischemia, as defined by the Central Retinal Vein Occlusion Study Group.\[[@ref1]\]

The exclusion criteria were the existence of other retinal vascular diseases (e.g. diabetic retinopathy, vasculitis), age-related macular degeneration, glaucoma, previous treatment for CRVO (e.g.intravitreal injection, sub-Tenon injection, or laser photocoagulation), iris neovascularization,and \>10 disc retinal ischemia as detected by fluorescein angiography.

At baseline and during follow-up, all the patients underwent ophthalmologic examinations, including measurements of best-corrected visual acuity (BCVA; ETDRS chart at 4 m), intraocular pressure (IOP; GoldmannApplanation Tonometer, Model AT 900; Haag-Streit, Bern, Switzerland), slit-lamp examination of the anterior segment, dilated fundus examination with indirect ophthalmoscopy, fluorescein angiography (VX-10i, Kowa Co.,Ltd.,Tokyo, Japan), and OCT for the measurement of macular thickness.

Thirty-six patients with non-ischemic CRVO were recruited into the study. Informed consent was obtained from all patients. One group received IVB (*n*=20) and the other received IVT (*n*=16). The same drug was used during the whole study period for each eye. Under sterile conditions, the patients in the IVT group received intravitreal injections of 4 mg/0.1 mL triamcinolone acetonide (Kenocort A^®^, Bristol Myers Squib Co., Princeton, NJ, USA) and the patients in the IVB group received intravitreal injections of 1.25 mg/0.05 mL bevacizumab (Avastin^â^, Genentech Inc., San Francisco, CA, USA).

Eyes were treated with one initial bevacizumab injection in the IVB group and with one initial intravitreal triamcinolone injection in the IVT group, and then as needed in both groups. The patients were followed up at day 1 and 3, at weeks 1, 2, and 4, and monthly thereafter. When required, based on macular thickness, IVB was injected at 4-week intervals and IVT at 3-month intervals.

The characteristics of the patients are summarized in [Table 1](#T1){ref-type="table"}. Arterial hypertension was diagnosed in seven subjects (four in the IVB group and three in the IVT group). Five patients had hyperlipidemia (three in the IVB group and two in the IVT group). Ten patients were cigarette smokers in the IVB group, whereas there were eight smokers in the IVT group.

###### 

Baseline parameters in patients with central retinal vein occlusion
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Recurrence of ME was defined as a decrease in visual acuity of one line or more or increases in intraretinal or subretinal fluid, as detected by OCT in patients with a macular thickness \>320 μm or by fluorescein angiography. Cataract surgery was performed in four patients in the IVT group at 18 months. In these patients, preoperative visual acuity was accepted as final visual acuity for this study. The primary outcomes were BCVA, central macular thickness (CMT; at 1 mm) on OCT, IOP, and percentage of patients with cataracts.

Statistical analyses were performed using a commercially available statistical software package (SPSS for Windows, Version 17.0, SPSS, Chicago, IL, USA). Visual acuity was converted into the logarithm of the minimum angle of resolution (logMAR) for statistical calculations. Univariate categorical analyses were performed using Student\'s *t*-tests and Pearson\'s Chi-square tests, and a *P*-value of \<0.05 was considered statistically significant.

Results {#sec1-3}
=======

Of the 36 patients, 20 (11 men, 9 women) received IVB and 16 (9 men, 7 women) received IVT for ME secondary to CRVO. The sex distribution was similar in the two groups (*P*=0.502), as was the mean patient age (69.25±7.3 years vs. 70.88±7.20 years; *P*=0,509). The mean follow-up times were 17.45±8.1 months (range: 8--33 months) in the IVB group and 19.94±10.59 months (range: 6--40 months) in the IVT group (*P*=0.431).

The mean baseline visual acuity (logMAR) was 1.39±0.60 versus 1.62±0.95, and the mean baseline CMT (583±141 μm vs. 554±150 μm) and IOP (18.05±2.6 mm Hg vs. 17.9±1.68 mm Hg) were higher in the IVB group than in the IVT group; however, these differences were not statistically significant. All of the subjects in the IVB group required three IVB injections during the first 3 months of therapy. The mean number of injections was 5.3±1.3 in the IVB group (range: 4--8 injections) and 2.5±1.0 in the IVT group (range: 1--4 injections) \[[Table 1](#T1){ref-type="table"}\].

The mean visual acuity improved from 1.39±0.60 to 0.78±0.43 (*P*\<0.001) in the IVB group and from 1.62±0.95 to 0.99±0.47 (*P*\<0.001) in the IVT group. The mean visual acuity at baseline (*P*=0.368) and at the end of follow-up (*P*=0.176), however, were similar, as was the gain in visual acuity in the two groups. CMT decreased significantly in both groups: from 583±141.6 μm to 252±56.6 μm in the IVB group (P\<0.001) and from 554±149.5 μm to 245±58.4 μm in the IVT group (*P*=0.001). At the final follow-up, however, CMT was similar in both groups (*P*=0.718). A significant increase in IOP was observed only in the IVT group \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of baseline and end-of-follow-up values in patients with central retinal vein occlusion
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In the IVT group, four eyes (25%) required cataract surgery at the end of follow-up, four eyes developed glaucoma, and one developed iris neovascularization. In contrast, none of the eyes in the IVB group developed cataracts, glaucoma, or iris neovascularization. Of the four eyes in the IVT group that developed glaucoma, three received anti-glaucomatous medication. No other complications were observed in the two groups, including endophthalmitis, vitreous hemorrhage, or retinal detachment.

Discussion {#sec1-4}
==========

Vascular obstruction can result in decreased tissue perfusion and increased hydrostatic pressure within the involved segments, leading to intraretinal hemorrhages in all four quadrants, exudation of fluid, tortuous and dilated veins, and varying levels of tissue ischemia.\[[@ref2]\] Pathological findings have suggested that in patients with CRVO, the site of obstruction is located in the lamina cribrosa.\[[@ref3]\] CRVO causes loss of vision resulting from ME and/or retinal ischemia.\[[@ref4]\] Moreover, neovascular complications, such as rubeosisiridis and neovascular glaucoma, may occur. The treatment modalities for CRVO include laser photocoagulation, IVT, and anti-vascular endothelial growth factor (anti-VEGF) therapy. Grid laser photocoagulation failed to demonstrate a statistically significant benefit in visual acuity in patients with ME.\[[@ref5]\]

More recently, however, a change in paradigm has occurred in which the vitreous cavity is now considered a reservoir for drugs used to treat retinal disorders, such as diabetic retinopathy and retinal vein occlusions.\[[@ref6]\] In recent years, IVT has been widely used to treat intraocular proliferative, edematous, and neovascular disorders, including CRVO.\[[@ref7][@ref8][@ref9][@ref10][@ref11]\] Although the mechanism of action of corticosteroids in the treatment of ME secondary to CRVO has not yet been determined, these agents are thought to act primarily by suppressing inflammation and permeability and by down-regulating VEGF.\[[@ref12][@ref13][@ref14]\]

VEGF has been shown to play an important role in increased vascular permeability.\[[@ref15]\] Clinical and experimental studies have demonstrated that IVT and IVB are nontoxic to the retina.\[[@ref16][@ref17][@ref18]\] Previous studies have compared the effects of IVT and IVB for up to 8--13 months.\[[@ref19][@ref20][@ref21][@ref22]\] This study compared the effects of IVT and IVB over 18--19 months in patients with ME secondary to CRVO.

Both IVT and IVB have been shown to reduce ME markedly, accompanied by an improvement in visual acuity.\[[@ref23][@ref24][@ref25][@ref26][@ref27]\] We observed significant improvement in visual acuity and reduced CMT in both groups.

The mean number of intravitreal injections was higher in the IVB group than in the IVT group. The two major side effects associated with IVT are increased IOP and the development of cataracts.\[[@ref28][@ref29][@ref30]\] Development of glaucoma and cataracts were the main side effects of IVT in this study.

In contrast, bevacizumab, a recombinant human monoclonal anti-VEGF antibody, reduces vascular permeability by neutralizing VEGF. IVB was first used to treat ME related to CRVO in 2005,\[[@ref31]\] and several subsequent studies have evaluated its efficacy and safety.\[[@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38]\] IVB has been shown to improve visual acuity, decrease macular thickness, and cause only minor complications in patients with CRVO.\[[@ref39][@ref40][@ref41]\] In this retrospective study, side effects of IVB were not observed during the follow-up period. A retrospective comparison of the outcomes at 17--19 months of IVB (1.25 mg/0.05 mL) and IVT (4 mg/0.1 mL) in patients with ME secondary to CRVO showed that 4 of 16 IVT-treated patients had steroid-induced elevated IOP; of these, 3 patients were controlled with topical anti-glaucomatous medications, but 1 needed filtering glaucoma surgery. In contrast, IOP was normal in all of the IVB-treated patients. Moreover, the incidence of cataract formation was higher in the IVT group than in the IVB group.

Thus, although intravitreal injections of triamcinolone or bevacizumab can lead to similarly significant improvements in visual acuity and to resolution of ME in patients with CRVO, their effects are not permanent, and IVT has been associated with a higher incidence of side effects.\[[@ref19][@ref20][@ref21]\]

We found that the rates of cataract and glaucoma were higher in the IVT group than in the IVB group, similar to the findings detected in previous studies.\[[@ref19][@ref21][@ref42][@ref43]\] These findings indicate that the initial treatment for ME secondary to CRVO should be IVB. Similar to previous studies,\[[@ref19][@ref20][@ref21][@ref44][@ref45]\] bevacizumab was well tolerated by our patients, and both agents were associated with significant improvements in visual acuity and reductions in ME secondary to CRVO.

We did not observe any of the previously reported systemic or injection-related complications, such as conjunctival ulcerations, vitreous hemorrhages, retinal detachments, or infectious endophthalmitis.\[[@ref46]\] However, sterile endophthalmitis after IVT was observed in one patient, who was treated with topical corticosteroids afterward.

This study can be differentiated from previous studies in two ways: 1) the study had a longer follow-up period than previous studies and 2) all the patients in the IVB group needed three IVB injections during the first 3 months of the follow-up period. This study had several limitations, including its retrospective design and inclusion of a small numbers of patients. Moreover, the progression of cataracts in the IVT group could have masked improvements in visual acuity. In conclusion, both IVT and IVB were associated with similar gains in visual acuity and a reduction in CMT in patients with long-standing non-ischemic CRVO. IVT has side effects, including the development of cataracts and increased IOP. Considering the side effects of IVT, IVB can be considered as a first-line therapy for the treatment of ME secondary to non-ischemic CRVO.
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